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Abstract

Belzutifan (Welireg, Merck & Co., Inc., Rahway, NJ, USA) is an oral, potent in-
hibitor of hypoxia-inducible factor 2a, approved for the treatment of certain pa-
tients with von Hippel-Lindau (VHL) disease-associated renal cell carcinoma
(RCC), central nervous system hemangioblastomas, and pancreatic neuroendo-
crine tumors. It is primarily metabolized by the polymorphic uridine 5’-diphosp
ho-glucuronosyltransferase (UGT) 2B17 and cytochrome (CYP) 2C19. A popula-
tion pharmacokinetic (PK) model was built, using NONMEM version 7.3, based
on demographics/PK data from three clinical pharmacology (food effect, formu-
lation bridging, and genotype/race effect) and two clinical studies (phase I dose
escalation/expansion in patients with RCC and other solid tumors; phase II in
patients with VHL). Median (range) age for the combined studies was 55years
(19-84) and body weight was 73.6kg (42.1-165.8). Belzutifan plasma PK was
well-characterized by a linear two-compartment model with first-order absorp-
tion and elimination. For patients with VHL, the predicted geometric mean
(% coefficient of variation) apparent clearance was 7.3 L/h (51%), apparent total
volume of distribution was 130L (35%), and half-life was 12.39h (42%). There
were no clinically relevant differences in belzutifan PK based on the individual
covariates of age, sex, ethnicity, race, body weight, mild/moderate renal impair-
ment, or mild hepatic impairment. In this model, dual UGT2B17 and CYP2C19
poor metabolizers (PMs) were estimated to have a 3.2-fold higher area under the
plasma concentration-time curve compared to UGT2B17 extensive metabolizer
and CYP2C19 non-PM patients. This population PK analysis enabled an inte-
grated assessment of PK characteristics with covariate effects in the overall popu-
lation and subpopulations for belzutifan labeling.

*These authors were employees of Merck Sharp & Dohme LLC, a subsidiary of Merck & Co., Inc., Rahway, NJ, USA at the time of study.
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Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Belzutifan is a hypoxia-inducible factor inhibitor recently approved by the US
Food and Drug Administration (FDA) for treatment of adult patients with von
Hippel-Lindau (VHL) disease who require therapy for associated renal cell car-
cinoma (RCC), central nervous system hemangioblastomas, or pancreatic neu-
roendocrine tumors, not requiring immediate surgery. There are currently no
publications reporting a comprehensive PK analysis of belzutifan.

WHAT QUESTIONS DOES THIS STUDY ADDRESS?

This study provides a comprehensive analysis of the pharmacokinetic (PK) profile
of belzutifan describing its population PX using phase I data in healthy partici-
pants; phase I data in patients with advanced RCC and solid tumors; and phase
IT data in patients with VHL RCC. The analysis was aimed at determining the
impact of intrinsic/extrinsic factors, including body weight, food, formulation,
UGT2B17 and/or CYP2C19 phenotype, and delayed dosing on PK characteristics
of belzutifan in the patient population, and to investigate a possible need for dose
adjustment based on demographic and genetic patient factors.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

This study demonstrated that no dose adjustment from the recommended 120-mg
g.d. dose is necessary based on body weight, age, fed or fasted state, or delayed
dosing. The UGT2B17/CYP2C19 dual poor metabolizer (PM) phenotype shows a
potential for higher belzutifan exposure (area under the plasma concentration-
time curve) compared to the reference group; therefore, whereas the starting dose
is the same, it is advised to closely monitor such patients for adverse reactions.
Of note, in the overall US population, the expected frequency of the UGT2B17/
CYP2C19 dual PM phenotype is estimated to be ~0.5%, whereas in East Asians,
the frequency can reach 15%.

HOW MIGHT THIS CHANGE DRUG DISCOVERY, DEVELOPMENT,
AND/OR THERAPEUTICS?

This report helps to inform belzutifan PK characteristics and dosing for patients and
prescribers. It informs PK parameter estimates for the relevant clinical population
and the final formulation, as well as suitable dosing recommendations for labeling.

INTRODUCTION

Von Hippel-Lindau (VHL) disease is a hereditary syn-
drome transmitted in an autosomal dominant manner,
in which the VHL protein is lost or functionally compro-
mised due to a germline mutation or deletion of the VHL
gene. Affected individuals are at risk for the development
of vascular tumors in a number of organs, including the
kidneys, central nervous system (CNS), pancreas, and
adrenal glands. In ~70% of patients with VHL disease-
associated renal cell carcinoma (VHL-RCC), the disease
is the clear cell RCC (ccRCC) histological subtype, rep-
resenting a leading cause of mortality. Loss of the VHL
protein or its function is the cause of most hereditary and
sporadic cases of ccRCC.? The VHL protein binds to and
promotes the degradation of hypoxia-inducible factor

(HIF)-2a, a transcription factor and regulator of oxygen
homeostasis.' Activation of HIF-2« has been found to cor-
relate with disease development across benign and malig-
nant VHL disease-associated tumors.”

Belzutifan (Welireg, Merck & Co., Inc., Rahway, NJ,
USA) is a potent and selective oral inhibitor of HIF-2«
both in vitro and in vivo. Nonclinical pharmacology studies
have confirmed the specificity and selectivity of belzutifan
for HIF-2a and demonstrated antitumor activity in mouse
VHL-deficient tumor xenograft models of ccRCC.* Belzuti-
fan is approved in the United States for treatment of adult
patients with VHL disease who require therapy for associ-
ated RCC, CNS hemangioblastomas, or pancreatic neuroen-
docrine tumors, not requiring immediate surgery.

The belzutifan clinical pharmacology development
program evaluated the pharmacokinetics (PK) and
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pharmacodynamics of belzutifan in patients with VHL-
RCC and advanced solid tumors, and in healthy par-
ticipants. Two formulations were used in the clinical
pharmacology development program: an oral compressed
fit-for-purpose (FFP) tablet, and a film-coated tablet, the
final market formulation (FMF).

In vitro data and pharmacogenetic evaluations in a
clinical study (MK-6482-007) suggest that metabolism
of belzutifan is primarily via uridine 5’-diphospho-gluc
uronosyltransferase (UGT) 2B17 and cytochrome (CYP)
2C19 enzymes. Both of these are polymorphic enzymes
with various phenotypes ranging from ultra-rapid metab-
olizers, extensive metabolizers (EMs), and intermediate
metabolizers (IMs) to poor metabolizers (PMs) that have
no enzyme activity. Urinary excretion was found to be a
minor pathway for elimination of belzutifan (<4% of dose)
for rats, dogs, and monkeys.

This paper describes the population PK analysis of
belzutifan using phase I data in healthy participants
(Studies NCT03445169, MK-6482-006, and MK-6482-007),
phase I data in patients with RCC and other solid tumors
(ST; Study NCT02974738) and phase II data in patients
with VHL-RCC (Study NCT03401788). The analysis was
aimed at characterizing the impact of intrinsic/extrinsic
factors on belzutifan PK in the patient population to sup-
port the benefit-risk assessment and dose justification, as
well as to support regulatory filing and product labeling.

METHODS
Study design

The population PK model was developed using data from
4 phase I studies and one pivotal phase II study listed in
Table 1. All studies except for Study 1 and Study 4 were
completed at the time of analysis. The data cutoff used for
the latter two studies was June 1, 2020. The final popula-
tion PK dataset included plasma concentration data from
239 participants, including 61 patients with VHL-RCC
and 95 patients with advanced RCC or ST.

For the population PK analysis, an individual was de-
fined as evaluable if both of the following criteria were
satisfied: received at least one dose of belzutifan and had
at least one measurable belzutifan concentration with as-
sociated sampling time and dosing information.

Population PK model development
The population PK analysis was performed using a non-

linear mixed effects modeling approach. This approach
estimated the typical values of parameters as well as their

ASCPT

interindividual variability (IIV). Linear one-, two-, and
three-compartment models were evaluated depending
on the shape of the observed concentration-time profiles.
Absorption was modeled as a first-order process with lag
time.

Additive, log-additive, proportional and additive + pro-
portional error models were explored for residual
variability.

Exponential error models were used to describe IIV in
the PK parameters, assuming log-normal parameter dis-
tribution. ITV was introduced and retained if inclusion did
not cause model instability, and if estimates were not close
to zero. As a start, a diagonal Q-structure was used. The
inclusion of off-diagonal elements was investigated.

Goodness-of-fit and appropriateness of the random ef-
fect models were assessed by means of diagnostic plots.

Covariates

Covariates were identified using a stepwise selection pro-
cedure as implemented in the stepwise covariate model
(SCM) tool of Perl speaks NONMEM (PsN)’ with testing
of linear and nonlinear relationships in a forward inclu-
sion (A objective function value [OFV] of 6.63, p <0.01 for
1 degree of freedom [DF]) and backward exclusion (AOFV
of 10.8, p<0.001 for 1 DF) procedure. The resulting final
model only contained covariates that met the predefined
statistical criteria. The clinical relevance of any relation-
ship was also considered.

Categorical covariates were only tested if at least 5% of
participants (or 10 participants, whichever was smaller)
belonged to that category. Categories with low sample-
sizes were pooled when needed to improve the power of
the assessment.

Covariates investigated included age, body weight,
body mass index (BMI), sex, race, ethnicity, formulation,
fed versus fasted dosing, disease status, National Cancer
Institute (NCI) index (composite of aspartate amino-
transferase and total bilirubin; for hepatic impairment
evaluation), eGFR (for renal impairment evaluation), and
UGT2B17 and CYPC19 phenotypes.

Model evaluation

A nonparametric bootstrap analysis® was conducted to
evaluate the stability of the final model and to estimate
confidence intervals (CIs) for the model parameters. The
bootstrap analysis was performed with 1000 replicates of
the dataset, generated by random resampling of subjects
from the original dataset with replacement, stratified by
study.
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Visual predictive checks (VPCs) were used to evaluate
the predictive ability of the final model’ and were based
on 500 simulations. They were performed with prediction
correction® and stratified by study. Plots of observed data
distributions were compared to simulated distributions to
demonstrate the model's ability to adequately predict the
data on which the model was based.

Simulations

The univariate effect of covariates on exposure (AUC at
steady-state [AUC] for 120-mg belzutifan once daily
[g.d.]) was simulated by varying one covariate at a time
while all other covariates were set to those of a “typical”
subject. Exposures at the 5th percentile and the 95th per-
centile of the observed values of continuous covariates
in the study population, and at the different levels of the
categorical covariates, were compared with the exposure
estimates for the “typical” subject and the range of expo-
sures in the entire study population (all 5 studies pooled
and separately for Study 4). The results were illustrated by
tornado plots.

Secondary PK parameters at steady-state (SS) such as
AUC, maximum plasma concentration (C,,,,), time to
Cmax (Tmay), minimum plasma concentration (Cy,), ef-
fective elimination and absorption half-lives (t,, . and
by, abe espectively) were obtained through simulation.
These simulations were based on the patient population
in Study 4. Each patient's covariates were used 10 times,
creating a dataset consisting of 610 “virtual patients.” 24-h
profiles at SS, assuming a dose of 120mg q.d., were simu-
lated, with observations at 0, 0.5, 1, 1.5, 2, 3,4, 5, 6, 9, 12,
18, and 24h postdose. From these, individual secondary
PK parameters and summary statistics were calculated.
All patients in Study 4 had received the FFP formulation
during PK sampling, which was reflected in the covariates
in the simulation dataset. However, the simulations were
repeated after setting the covariate “formulation” to FMF
for all patients, to obtain the same exposure parameters
for a (virtual) population receiving the final market for-
mulation in the simulations.

Accumulation ratios were calculated by dividing SS
Cmax and C;, with the respective C,, and C;, from a
single dose simulation with otherwise identical settings.
To determine time to SS, 120-mg doses for 7 consecutive
days were simulated, with observations at 0, 0.5, 1, 1.5, 2,
3,4,5,6,8,12, 15, 18, and 24h after each dose. SS was
assumed to be reached when C,,,;, changed less than 5% in
two consecutive dosing intervals.

Delayed dose scenarios were simulated to assess the
impact of missed and delayed doses, including a delay in
second q.d. dose of 12, 16, 18, or 21 h.

ASCPT

Software

Assembly of the population PK dataset was performed
using SAS, version 9.4. NONMEM, version 7.3 (ICON)
was used for the population PK analysis. Model fitting
was performed on a grid of CentOS 7.1 Linux servers with
Intel FORTRAN Compiler for Linux, version 12.0.4 (Intel
Corporation). The PsN version 4.8.1 (psn.sourceforge.net)
and R version 4.0.0 were used for the exploratory analysis
and post-processing of NONMEM output.

RESULTS
Data

The full PK analysis dataset included 5291 measurable
PK observations from 239 participants. One patient in
Study 1 was excluded because no postdose observations
were available. Seven observations were excluded: one be-
cause of missing sampling time, and six deemed as outli-
ers based on predefined criteria (e.g., rising concentration
without recorded dose administration, or unrealistic con-
centrations >3 times all other samples for the respective
individual).

Base model

Linear one-, two-, and three-compartment structural
models with first-order elimination were tested. The
two-compartment structure provided the best fit to the
data, and a third compartment did not further improve
the model fit. Absorption was described by a first-order
process with lag time. A body weight effect on clear-
ances and volumes (V), and a food effect on the absorp-
tion rate constant (KA) were included in the base model
as structural covariates to obtain an acceptable model
fit.

IIV was evaluated on all parameters and retained on
KA, CL, central (V2), and peripheral volume of distribu-
tion (V3), with an Q-block for CL-V2-V3. The proportional
error model was selected from the different residual error
models evaluated.

The parameter estimates for the base model are pre-
sented in Table S1. All parameters were estimated with
good precision. The n-shrinkage for the base model was
low for apparent clearance (CL/F; 0.58%) and accept-
able for apparent central volume of distribution (V2/F;
24%) and apparent peripheral volume of distribution
(V3/F; 27%). The e-shrinkage was low (5.2%). The
goodness-of-fit (GOF) plots for the base model are
shown in Figure S1.
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Covariate selection

In addition to the body weight effect on CL/F and vol-
umes and the food effect on KA, the following covariates
were included in the SCM: age, sex, race, ethnicity, dis-
ease status, hepatic dysfunction, eGFR, UGT2B17 phe-
notype and CYP2C19 phenotype on CL/F; age, sex, race,
ethnicity, disease status on V2/F; formulation on KA;
formulation and food effect on lag time; and UGT2B17
phenotype and CYP2C19 phenotype on bioavailability
(F). BMI was not tested, because it is correlated with
body weight, which was already included in the base
model. Patient demographics pooled for all studies are
shown in Table S2. The final SCM results are shown in
Table S3.

The sex effect on V2/F was further investigated, be-
cause the studies were unbalanced with respect to this
covariate: the single-dose healthy participant studies (2, 6
and 7) enrolled no male participants (Studies 2, 7) or very
few male participants (Study 6, N=3). In contrast, in the
multiple dose studies in patients, the majority of patients
were men. It is therefore possible that the identified sex
effect may represent a population or study effect. Explor-
atory boxplots of #s by sex show no indication of a possible
influence (data not shown). Therefore, the SCM was re-
peated without the covariate “sex.” No additional covari-
ate was identified in its place.

Final population PK model

Covariates identified by the SCM procedure were manu-
ally introduced individually to ensure successful termina-
tion of runs and avoid over-parameterization. CYP2C19
categories were merged, as only the PM category had a
significantly different CL/F compared to all other catego-
ries. Although the data supported a different CL/F for all
three UGT2B17 categories, only two categories could be
maintained with regard to the effect on F (EMs and IMs
merged). The food effect on lag time could not be included,
as the respective coefficient could not be estimated with
sufficient precision (CI included 0), and the run termi-
nated with rounding errors. The sex effect on V2/F was
not included in the final model (as discussed above). The
structure of the variance—covariance matrix and the resid-
ual error structure were defined after covariate inclusion.

No effects of renal and hepatic impairment were found
in the covariate analysis based on available data. The effects
of severe renal impairment and moderate or severe hepatic
impairment could not be evaluated, as no or too few par-
ticipants with the conditions were included in the studies.
To further illustrate the relationship between the respective
impairment status and belzutifan exposure, individual CL/F

or AUC by renal and hepatic impairment category after in-
clusion of all covariates are shown in Figure S2.

The parameter estimates for the final population PK
model are presented in Table 2. Unexplained IIV (% co-
efficient of variation [CV]) for CL/F was reduced by 14%
compared to the base model. GOF plots for the final pop-
ulation PK model were unbiased (Figure S1). Overall,
n-distributions were close to normal (with heavier tails for
KA), reflecting the adequacy of the exponential models
for IIV. Conditional weighted residuals in all studies also
approximately followed a normal distribution.

Effect sizes of continuous covariates are summarized
in Table S4. The effects of the continuous covariates body
weight and age appear to be moderate in size. The largest
effect in this group of covariates is the body weight effect on
distribution volumes for the heaviest patients (+65% in V2/F
and V3/F for the 95% body weight percentile). CL/F and ap-
parent inter-compartmental clearance (Q/F) were scaled by
the same estimated exponent, as were V2/F and V3/F.

Effect sizes of categorical covariates are shown in
Table 3. Both food and formulation have a consider-
able impact on KA (—88% in fed condition compared to
fasted, —47% with FMF compared to FFP). UGT2B17 and
CYP2C19 phenotypes have a moderate impact on CL/F
(<+40%), and the direct effect of UGT2B17 phenotype on
Fis small (11% higher for PMs compared to IMs and EMs).

Model qualification

A prediction-corrected VPC for the population PK model
was performed using optimized binning for each study
(Figure 1). It was based on 500 simulations and stratified by
study. The final population PK model was able to predict the
observed median and 5th and 95th percentile of observed
belzutifan concentrations with good accuracy for Studies 1,
2, 4, and 6. In Study 7, the median concentration and 95th
percentile were well captured; however, the lowest concen-
trations (5th percentile) were underpredicted by the model.

The final population PK model for belzutifan was fitted
to 1000 bootstrap replicate datasets, stratified by study, to
evaluate model stability and performance. Of these, 351
runs did not terminate successfully, and four runs had es-
timates near a boundary. Bootstrap statistics were there-
fore derived from 645 runs. Table S5 compares final model
estimates and CIs with the respective estimates obtained
by the bootstrap analysis.

Simulations

The isolated influence of each statistically significant co-
variate on the exposure of belzutifan after treatment with
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TABLE 2 Final model parameter estimates for belzutifan PK.

Parameter Estimate % Relative SE Asymptotic 95% CI % Shrinkage
Fixed effects
CL/F (L/h) 5.63 3.40 5.25;6.00 -
V2/F (L) 85.4 2.9 80.55;90.26 -
Q/F (L/h) 5.37 14.07 3.89; 6.85 -
V3/F (L) 30.38 6.65 26.42;34.34 -
KA (/h) 2.40 7.70 2.04;2.76 -
ALAG (h) 0.16 1.50 0.16; 0.17 -
KA-FED —0.88 7.20 —1.00; —0.75 -
CL-WT 0.65 15.55 0.45; 0.84 -
V-WT 1.06 3.99 0.98;1.14 -
CL-UGT2B17 extensive 0.39 19.17 0.24; 0.54 -
metabolizers
CL-UGT2B17 poor metabolizers —0.24 19.54 —0.34; —0.15 -
CL-CYP2C19 poor metabolizers —0.36 14.96 —0.47; —0.25 -
F-UGT2B17 poor metabolizers 0.11 22.78 0.061;0.16 -
KA-FORM —-0.47 34.48 —0.79; —0.15 -
V-AGE —0.20 23.82 —0.30; =0.11 -
CL-AGE —0.36 22.57 —0.52; —0.20 -
Random effects
IIV on CL/F 0.15 11.43 0.11;0.18 1.6
IIV on V2/F 0.013 24.92 0.0064; 0.019 34
IIV on V3/F 0.19 37.21 0.052;0.33 32
IIV on KA 1.15 16.38 0.78;1.52 18
Residual error
RES HV 0.26 4.77 0.24;0.28 -
RES PAT 0.29 3.29 0.27;0.31 N
EPS 1 FIX 0 - 5.2

Note: The following #-correlations were estimated: CL/F-V2/F: 0.40; CL/F-V3/F: 0.54; V2/F-V3/F: 0.38. Equations for the PK parameters were as follows:
CL/F=CL/Fpop *(WT/73.64)"CL-WT *(1 + CL-UGT2B17P)* (1 + CL-CYP2C19P) * (AGE/55)"CL-AGE *51.
V2/F=V2/Fpop*(WT/73.64)"V-WT*(AGE/55)"V-AGE * 2.

Q/F=Q/Fpop*(WT/73.64)"CL-WT.

V3/F=V3/Fpop*(WT/73.64)"V-WT *73.

F=1*(1+F-UGT2B17P).

KA =KApop*(1+ KA-FED)*(1 + KA-FORM) * 4.

Abbreviations: ALAG, lag time; CI, confidence interval; CL, clearance; CL-AGE, age effect on CL (exponent); CL/F, apparent clearance; CL-CYP2C19,
CYP2C19 phenotype effect on CL (coefficient); CL-UGT2B17, UGT2B17 phenotype effect on CL (coefficient); CL-WT, body weight effect on clearances
(exponent); CV, coefficient of variation; EPS, & (random error); F, bioavailability; F-UGT2B17, UGT2B17 phenotype effect on F (coefficient); HV, healthy
volunteer; IIV, interindividual variability; KA, absorption rate constant; KA-FED, food effect on KA (coefficient); KA-FORM, formulation effect on KA
(coefficient); PAT, patient; PK, pharmacokinetics; pop, population; Q/F, apparent inter-compartmental clearance; RES, proportional residual error; SE,
standard error; V2/F, apparent central volume of distribution; V3/F, apparent peripheral volume of distribution; V-AGE, age effect on central volume of
distribution (exponent); V-WT, body weight effect on distribution volumes (exponent); WT, body weight; 5, difference between population and individual
parameter.

120mg q.d. was evaluated. The effect on exposure was
calculated for each covariate individually, with all other
covariates fixed to their typical values (as estimated for
the reference subject). Continuous covariates were evalu-
ated at the 5th and 95th percentiles of the Study 4 popula-
tion. Categorical covariate effects were evaluated for each

level. A tornado plot of the effects of significant covariates
on belzutifan AUC is shown in Figure 2. Prediction in-
tervals for each of the covariates were within the observed
clinical range (90% prediction interval for Study 4).

A comparison of primary and secondary PK parameters
obtained by univariate simulation for different UGT2B17
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TABLE 3 Categorical covariate effects
Absolute .
. on belzutifan PK parameters.

Parameter Covariate parameter value % Change
KA Food (fasted) 2.40 0 (reference)
KA Food (fed) 0.30 —87.6
KA Formulation (FFP) 2.40 0 (reference)
KA Formulation (FMF) 1.26 —47.4
CL/F UGT2B17 5.63 0 (reference)

(intermediate)
CL/F UGT2B17 (extensive) 7.83 +39.1
CL/F UGT2B17 (poor) 4.27 —24.2
CL/F CYP2C19 (extensive) 5.63 0 (reference)
CL/F CYP2C19 (poor) 3.60 —36.0
F UGT2B17 1 0 (reference)

(intermediate/

extensive)
F UGT2B17 (poor) 1.11 11.0

Abbreviations: CL/F, apparent clearance; F, relative bioavailability; FFP, fit-for-purpose formulation;
FMF, final market formulation; KA, absorption rate constant; PK, pharmacokinetics.

Observed Percentiles * + 5% =— 50% = 95%  Simulated Percentiles _ 59, — 500, — 95%
Median (lines)
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FIGURE 1 Prediction-corrected VPC by study. A prediction-corrected VPC for the population PK model was performed using optimized

binning for each study. Prediction correction was applied to account for differences in dose regimens between patients. CI, confidence

interval; PK, pharmacokinetic; VPC, visual predictive check.
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Belzutifan AUC,ss (ug.h/mL)

90%PI 120 mg dose
CYP2C19: poor metabolizer
Body weight

UGT2B17: poor metabolizer

Age 22 yrs (-20.1%)

UGT2B17: extensive metabolizer

Formulation: FMF

Food: fed

12 24 36 48 60
1 1 1 1 J

7 (-65.9%)

130 kg (-30.2%)

31 (60.4%)

(0%) (56.3%)

53 kg (24.5%)

%) 7/ (46.4%)

/ i 63 yrs (16.8%)
(-28.1%) I (0%)
(0%) I (0%)
(0%) l (0%)

Base = 19 ug.h/mL

Reference patient: intermediate/extensive UGT2B17 metabolizer, extensive CYP2C19 metabolizer,
formulation FFP, fasted, body weight = 74 kg, age = 41 years

FIGURE 2 Univariate impact of covariates on Belzutifan AUC (pg-h/mL) (Study 4). Covariate effects were expressed as a percentage

change from the typical value of the reference patient (i.e., a “typical” individual with the specified covariates). The category “extensive

CYP2C19 metabolizer” includes all non-poor metabolizers (i.e., intermediate to ultra-rapid metabolizers). Extensive/intermediate
UGT2B17 metabolizer denotes a patient with intermediate UGT2B17 effect on CL/F and either intermediate or extensive UGT2B17 effect
on bioavailability (categories pooled for effect on F). For continuous covariates, green bars represent the range of exposures between the

5th and 95th percentiles of observed covariate values. AUC, area under the concentration vs time curve at steady-state; CL/F, apparent
clearance; CYP2C19; cytochrome (CYP) 2C19; F, bioavailability, FFP, oral compressed fit-for-purpose tablet; FMF, film-coated tablet, the
final market formulation; PI, prediction interval; UGT2B17, uridine 5’-diphospho-glucuronosyltransferase (UGT) 2B17.

and CYP2C19 phenotypes is presented in Table 4. These
simulated values are compared to AUC values calculated
from post hoc parameters in Studies 1 and 4 (last column
to the right).

Derived PK parameters such as AUC, Cpaxo Trmaxe Crnin
by, o and t, 4, Were obtained through simulation. These
simulations of SS profiles with a 120-mg q.d. dosing reg-
imen were based on the demographics of the 61 patients
with VHL-RCC included in Study 4. The resulting geo-
metric mean values and geometric CV, as well as medians
and CV, are presented in Table 5. At SS following 120-mg
belzutifan q.d., geometric means (%CV) of AUC for a 24-h
interval (AUC-_,4,) and Cp,, were 16.71 pg-h/mL (52%)
and 1363ng/mL (40%), respectively, with a T,,,, of 1.42h
(70%). The geometric mean of C,;,, was 307 ng/mL (92%).
Simulated t,, .5 and t, o were 0.28h (145%) and 12.39h
(42%), respectively. The high CVs are due to the relatively
low number of patients, and the absence of samples in the
absorption phase.

Additional simulations were performed to assess the
impact of missed or delayed doses on belzutifan expo-
sure. The resulting concentration-time profiles are shown
in Figure S3A. Figure S3B shows the medians of all sce-
narios overlaid. Based on these simulations, with a sin-
gle missed dose over a period of 3days, the average daily

exposure (AUC, ,4,) over a 3-day duration is reduced
by 30% compared to the scenario without a missed dose
(11.6 vs. 16.5 pg-h/mL). The impact of any delayed second
(make up) dose on average AUC,_,,;, over 3days appears
small; however, C, ., is almost 50% higher in scenario 6
compared to g.d. dosing (scenario 1), and C,;, in scenario
61is ~1/3 of the SS C;, with q.d. dosing (scenario 1).

DISCUSSION

The dose range for belzutifan was evaluated in clinical
studies, and the recommended dosage is 120mg, orally,
g.d. Clinical dose ranging studies up to 240 mg q.d. did not
reach a maximum tolerated dose. The recommended clin-
ical dose of 120mg q.d. is supported by dose ranging PK
and pharmacodynamic data (dose/exposure-dependent
reduction of erythropoietin with plateauing of the effect
at higher dose),” efficacy and safety data from the pivotal
phase II study in patients with VHL-RCC,” and extensive
exposure-response analyses for efficacy and safety, which
will be reported separately.

The plasma PK of belzutifan following oral administra-
tion was well-characterized by a linear two-compartment
model with first-order absorption and elimination. For
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TABLE 5 Derived population PK parameters for patients with VHL-RCC (120 mg q.d.).
Standard
Parameter Formulation Geometric mean  Geometric CV% Arithmetic mean  deviation
CL/F (L/h) FFP, FMF 7.25 51.36 8.15 4.17
V4/F (L) FFP, FMF 129.5 35.18 137.62 51.45
KA (1/h) FFP 2.51 145.43 4.40 5.83
FMF 1.32 145.43 2.32 3.06
AUC, 4, (pg-h/mL) FFP, FMF 16.71 52.34 18.86 9.89
Cpnin (ng/mL) FFP 306.66 92.3 406.24 321.82
FMF 318.18 91.12 418.7 326.31
Cpax (ng/mL) FFP 1362.54 39.77 1463.81 564.83
FMF 1263.72 42.2 1368.93 559.18
Tpnax (h) FFP 1.42 69.72 1.73 1.15
FMF 2.05 69.56 2.48 1.57
t,/, alpha (h) FFP, FMF 2.60 37.28 2.77 0.99
t;), beta (h) FFP, FMF 14.34 36.82 15.29 5.68
i) FFP, FMF 12.39 41.61 13.42 5.59
t1/2 abs () FFP 0.28 145.43 0.48 0.60
FMF 0.52 145.43 0.91 1.15

Note: Parameters were derived by simulation of 24-h PX profiles following 120 mg q.d. administration at steady-state for either the FFP or the FMF
formulation. All parameter estimates are determined under steady-state conditions. Simulated mean/median CL/F, V4/F and KA post hocs can differ from
estimated post hocs because of the small sample size (N=61) of observations. AUC,_,,, area under the concentration vs time curve for a 24-h interval, CL,
clearance; CL/F, apparent clearance; C,,,, peak plasma concentration, C,;,, trough concentration; CV, coefficient of variation; F, bioavailability; FFP, fit-
for-purpose formulation; FMF, final market formulation; KA, absorption rate constant; PK, pharmacokinetic; q.d., once daily; ¢, ,, terminal half-life; ¢, , abs,
absorption terminal half-life; t,, alpha, initial elimination half-life; t, , beta, terminal elimination half-life; t, , eff, effective elimination half-life; T,,,, time to
reach maximum plasma concentration; V4/F, apparent total volume of distribution.

patients with VHL, the mean (%CV) apparent CL and V4
were predicted to be 7.3L/h (51%), and 130L (35%). There
were no clinically relevant differences in the PK of belzuti-
fan based on the individual covariates of age, sex, ethnic-
ity, race, body weight, mild/moderate renal impairment,
or mild hepatic impairment. Estimated exponents for the
body weight effect approximately followed the theoretical
weight-based allometric scaling for clearance and volume
established for typical small molecule drugs.

Food led to a reduction in KA by 88%. The FMF formu-
lation led to a 47% lower KA. However, neither food nor
formulation had any impact on AUC, which is the PK
parameter expected to drive efficacy and safety.

The population PK analyses estimated that the
UGT2B17/CYP2C19 dual PM phenotype is expected to
be associated with a 3.2-fold increase in belzutifan AUC
compared to UGT2B17 EM/CYP2C19 non-PMs (43.6 vs.
13.7pg-h/mL). Of note, in the overall US population, the
expected frequency of the UGT2B17/CYP2C19 dual PM
phenotype is estimated at ~0.5%. In East Asians, the fre-
quency can reach 15%.

In vitro data justify the phenotype effect for UGT2B17
and CYP2C19 on clearance. The effect of UGT phenotype
on F is in line with mechanistic considerations: due to

presence of UGT, conversion of drug to metabolite takes
place in the gut. It is plausible that absence of this enzyme
activity, as in UGT PM patients, will lead to higher F due
to less conversion to metabolite before drug absorption.

The exposure-response analyses for safety did not iden-
tify significant risk with these projected exposures (these
data will be reported/published separately) in the intended
clinical population, and thus, no dose adjustment is cur-
rently recommended in the approved US label.* Further
data are being collected across studies to add to the infor-
mation about phenotype effect, and the current labeling
recommends monitoring of patients who are known to be
UGT2B17/CYP2C19 dual PMs.

Simulations showed that delaying a dose up to 21h
affected the maximum and trough concentrations but
had little effect on overall exposure (average AUC over
3days). Based on these results, the labeling proposal
states that if a dose of belzutifan is missed, it can be
taken as soon as possible on the same day. The patient
should resume the regular daily dose schedule the next
day and not take extra tablets to make up for the missed
dose.

In summary, based on the population PK analysis, in-
trinsic factors, such as age, sex, body weight/BMI, race,
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ethnicity, disease status/cancer type (healthy individuals,
patients with VHL-RCC, advanced RCC, or other advanced
non-RCC ST), renal impairment (mild and moderate),
hepatic impairment (mild impairment as categorized by
NCI index), and phenotype status of any single metabolic
enzyme (UGT2B17 or CYP2C19) do not have a clinically
meaningful impact on belzutifan exposures (AUC), and no
dose adjustment is recommended for any of these factors.
These population PK-based modeling and simulation as-
sessments provided PK parameter estimates for the relevant
clinical population and for the final formulation, as well as
suitable dosing recommendations for belzutifan labeling.*
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